Streptococcus suis is a swine pathogen and also a zoonotic agent. The formation of biofilms allows S. suis to become persistent colonizers and resist clearance by the host immune system and antibiotics. In this study, biofilm forming potentials of various S. suis strains were characterized by confocal laser scanning microscopy (CLSM), scanning electron microscopy (SEM) and tissue culture plates stained with crystal violet. In addition, the effects of five antimicrobial agents on biofilm formation were assayed in this study. S. suis produced biofilms on smooth and rough surface. The nutritional contents including glucose and NaCl in the growth medium modulated biofilm formation. There was a significant difference in their biofilm-forming ability among all 46 S. suis strains. The biofilm-forming potential of S. suis serotype 9 was stronger than type 2 and all other types. However, biofilm formation was inhibited by five commonly used antimicrobial agents, penicillin, erythromycin, azithromycin, ciprofloxacin, and ofloxacin at subinhibitory concentrations, among which inhibition of ciprofloxacin and ofloxacin was stronger than that of other three antimicrobial agents.Our study provides a detailed analysis of biofilm formation potential in S. suis, which is a step towards understanding its role in pathogenesis, and eventually lead to a better understanding of how to eradicate S. suis growing as biofilms with antibiotic therapy.
INTRODUCTION
Streptococcus suis is an important swine pathogen, causing a wide range of diseases in pigs, including meningitis, septicaemia, pneumonia, endocarditis, and arthritis (24) . It is also a zoonotic organisms and its public health importance was highlighted by a recent large-scale outbreak of human S. suis infections in China in 2005, which resulted in 38 deaths (29) .
Human can also be infected with S. suis by direct contact with pigs or its byproducts and the infection leads to development of streptococcal toxic shock syndrome (3, 4) as well as meningitis and endocarditis (2, 13) . Thirty five serotypes of S. suis (types1 to 34 and type 1/2) have been described, but type 2 is considered to be the most pathogenic for both human and swine (27) .
Biofilms are matrix-enclosed bacterial population adherent *Corresponding Author. Mailing address: College of Veterinary Medicine, Nanjing Agricultural University, Nanjing, 210095.; E-mail: wlp71@163.com
Dawei, G. e t a l .
Biofilm in S. suis to each other and/or to surfaces or interfaces. The biofilm mode of growth is widespread and is of medical and economic importance in diverse ecological niches (5) . The formation of biofilm allows microorganisms to become persistent colonizers and resist clearance by the host immune system. Among pathogenic bacteria including S. suis, the formed biofilms are able to attach to the surfaces of various indwelling devices such as vascular catheters, prosthetic joints and artificial heart valves, as well as to host tissues and demonstrate superior resistance to antibiotics, which makes antibiotic therapies less effective or leads to treatment failure (9, 10) . The ability of these bacteria to produce biofilms on the surfaces of biomaterials used for surgery is one of the main causes of difficult-to-cure infections. Recently, Grenier et al. (10) have investigated the ability of S. suis type 2 to form biofilms.
However, biofilm formation by other S. suis serotypes has not been extensively examined.
In this study, we extensively investigated the biofilmforming potential of S. suis on smooth glass coverslip and rough organic membrane by scanning electron microscopy (SEM) and confocal laser scanning microscopy (CLSM).
Additionally, the polystyrene 96-well microplate stained with
crystal violet was used to analyze the factors in the growth medium contributing to the biofilm formation and biofilmforming ability of 46 S. suis isolated from human and swine from different regions of China as well as the effect of antimicrobial agents at subinhibitory concentrations on biofilm formation. 
MATERIALS AND METHODS

Bacterial strains and growth conditions
Scanning electron microscopy (SEM)
A mid-exponential growth culture of S. suis type 9 NJ-3 and type 2 YY060816 were diluted to an optical density of 0. mA, 2 min) and examined using a scanning electron microscopy (FEI Quanta, Netherland).
Confocal laser scanning microscopy (CLSM)
The biofilm on the glass coverslips was adapted from a procedure as described previously by Takenaka 
Analysis of factors influenicng S. suis biofilm formation with crystal violet (TCP assay)
The biofilm formation assay used in this study was adapted from the method of Grenier et al. (10) , and is based on the ability of bacteria to form biofilms on solid surfaces The results demonstrated that the nutritional state of the medium had significant effect on biofilm formation. The biofilm formation can be enhanced with the increase of glucose concentration (as showed in Fig.3 ). Compared to THB including 0.2% glucose, biofilm formation activity significantly increased， about 6.2-fold in THB including 0.5% glucose， 10.2-fold in THB including 1% glucose， and 12-fold in THB including 2% glucose. Based on the results， THB including 1% glucose was used to study the effect of NaCl concentration in medium on biofilm formation. When the final concentration of NaCl in THB was 0.5%, biofilm formation in S. suis was the strongest. However, biofilm formation decreased with the NaCl concentration in the medium further increased (Fig. 3) . Therefore, the optimized THB including 1% glucose and 0.5% NaCl was used to analyze biofilm-forming ability of different S. suis strains. The result showed that different strains had varied biofilm-forming capacities (Fig.4) .
Especially, the serotypes of S. suis had a major influence on biofilm formation. 
DISCUSSION
A wide range of bacteria can form biofilms under various conditions. In many cases, biofilms are surface-attached microbial communities that are protected by a self-generated organic polymer matrix, which can act as a diffusion barrier and limit the penetration of antimicrobials to the innermost cells (19) . In S. suis, biofilm formation is recently reported to Biofilm in S. suis be prevalent especially in field isolates, suggesting possible role of biofilm in S. suis pathogenesis (11, 14) . Previous studies have indicated that the nutritional content of the growth medium can regulate biofilm formation (7, 16) .
In general, bacteria tend to adhere to available surfaces and form mature biofilm in environments that provide sufficient nutrients but will not adhere to surfaces in environments that are nutrients deficient. S. suis NJ-3 biofilm formation was tested in a variety of glucose concentration. The results proved that the increased glucose concentration promoted biofilm formation in S. suis (Fig. 3) , which is in agreement with the results of previous studies done on other bacteria (4, 18) . It is also found that 0.5% NaCl in medium is the optimal concentration of S. suis biofilm formation (Fig.3) . These results support the notion that bacteria form biofilm under favorable nutrient conditions (6) . Therefore, the optimized THB including 1% glucose and 0.5% NaCl was used to analyze biofilm-forming ability of different S. suis strains. The result showed that the biofilm forming ability was different in all 46
S. suis stains at 24 h (Fig.4) . Grenier et al. (10) We also need to detect if the biofilm has formed, whether the common used antibiotics could killed the bacteria aggregated in biofilm or not. It will provide information for clinical use of antimicrobial agents against biofilm formed bacteria.
The study could be extrapolated on more isolates with respect to biofilm property along with analysis of the biofilm encoding genes that may lead to better understanding of the determinants involved in the adherence of the organisms growing as biofilms. Further studies are also required to define more precisely the extent to which the organism forms biofilms during colonization.
CONCLUSIONS
In summary, this study provides a detailed analysis in understanding biofilm formation potential that could be one of the important virulent and antimicrobial resistant mechanisms associated with S. suis induced pathogenesis in human and animals. This study may eventually lead to a better understanding of how to eradicate S. suis growing as biofilms with antibiotic therapy.
